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SUMMARY

This technical note presents data and results of the final Saturn IB range
safety analysis for the AS-206 mission. Generalized Saturn IB range

safety data are contained in TR-AP-66-1. The analysis documented herein
has been scoped to meet. the requirements of the range control office and
was accomplished under Contract NAS8-4016, Modification MSFC-l, Amendment 19
and 21, BB Item 3.1.3-9.

The lateral impact zone contaimment area from the intended flight direction
(72° east of North) is determined, for AS-206, to reach a maximum of
approximately + 135 km throughout powered flight. For the overflight of
Africa, an extreme lateral crossrange deviation, related to the AS-206
mission, is determined to be + 224 km.

Since the continent of Africa and Malagasy Republic are encompassed
within the range safety corridor, a study of the impact and casualty
probability related to the overflight of these land masses is conducted.

Under normal operation S-IB stage impact for the AS-206 mission is
predicted to occur at 29.89 degrees north geodetic latitude and 75.26
degrees west longitude. S-IVB guidance cutoff signal is predicted to
occur at 580.46 + 22 seconds following first motion at a downrange distance
from the launch site of 1773.42 + 57 km.

Flight azimuth limits to useful mission orbits are 57° east of North for
the left and 90° east of North for the right.
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Section 1.0 - INTRODUCTION

This technical note, in conjunction with TR-AP-66-1 (Reference 1), presents
range safety data for Saturn IB launch vehicle SA-206 for use by the range
safety office as well as an independent analysis of the results. The data
and analysis contained herein are oriented around the characteristics of
the standard trajectory for AS-206, designated the preliminary operational
trajectory which is documented in TN-AP-66-125 (Reference 2).

Contained in Reference 1 are general information and data applicable to

Saturn IB launch vehicles Si-205 and subsequent. Included are range safety
data requirements; range safety analysis technique; predicted change in

total velocity vector orientation and velocity in the lateral direction for

the Apollo payload configuration; summary description of the flight termination
system; expected effects of destruct action as well as drag coefficients of
resulting pieces; stage, subsystem, and component reliability predictions; pad
area clearance data; cape magnetic tape information; etc.

Reference 2 presents detailed data pertinent to launch vehicle SA-206
including mission and vehicle configuration description; vehicle environ-
mental data; L/V test objectives and constraints; etc.

Contained herein are the maximun expected trajectory deviations from the
intended flight path; expected impact of staging reentry bodies; predicted
change in total velocity vector orientation and velocity in the lateral
direction for a non-Apollo payload configuration (aerodynamic fairing);

range safety associated corridors; downrange land impact and casualty
probabilities; etc. In addition an outboard profile of the Apollo Saturn IB
AS-206 configuration and April wind profile envelopes for a 72° flight azimuth
are presented in Figures 1 and 2, respectively.



Section 2.0 - RANGE SAFETY DATA REQUIREMENTS - TRAJECTORY

Formal range safety data requirements are defined for the launch agency

by the Deputy Commander of tests (Reference 1) and in general, pertain to
vehicle subsystems descriptions and performance predictions, and trajectory
characteristics, for various flight modes. The following sections present
the required trajectory data associated with the standard, dispersed, and
engine malfunction flight conditions for the Saturn IB launch vehicle SA-206.

2.1 Standard Trajectory

The standard trajectory for the AS-206 mission corresponds to

the preliminary operational trajectory which is presented in Reference 2.
The range safety required data related to the standard trajectory are
contained on the cape magnetic tape in Record 12, Files 2 through 5.

2.2 Dispersed Trajectories

Listed below are the combined off nominal parameter variations about
the standard trajectory which define the respective dispersed

trajectories:
30 Maximum S-IB Stage: +1.7% Thrust, +1.7% Flow Rate,
~-5000 1b NPM,
S-IVB Stage: +3.0% Thrust, +3.0% Flow Rate.
30 Minimum S-IB Stage: -2.6% Thrust, -2.6% Flow Rate,
April HW, +1500 1b NPM.
S-IVB Stage: ~3.0% Thrust, -3.0% Flow Rate,
April HW.
30 Right Lateral S-IB Stage: ~0.62° Yaw Thrust Misal., April ICW,
+0.05 m YCG Offset.
S-IVB Stage: +3.0% Thrust, +3.0% Flow Rate,
April ICW.
30 Left Lateral S-IB Stage: +0.62° Yaw Thrust Misal., April RCW,

~0.05 m YCG Offset.
S-IVB Stage: -3.0% Thrust, -3.0% Flow Rate,
April RCW.
Right Flt. Az. Limit S-IB Stage: 90° Flight Azimuth.

Left F1t. Az. Limit S-IB Stage: 57° Flight Azimuth.




2.3

Steepest S-IB Stage: +1.5% Thrust, +1.5% Flow Rate, -0.62°
Pitch Thrust Misal., -0.05 m XCG Offset,
April HW.
S-IVB Stage: +3.0% Thrust, +3.0% Flow Rate,
April HW.
Engine Out S-IB Stage: Eng. 3 out at L.0., 22 sec. CHIP
Freeze starting at L.0. + 30 sec.

The range safety data requirements prescribed by the range control
office, in connection with the above trajectories, are contained in

Record 12, Files 6 through 29 on the cape magnetic tape at one second
time intervals.

Impact of Staging Reentry Bodies
S-IB Stage ct

Time

Trajectory Latitude Longitude e

(deg N) (deg W) %sec% km n mi)
Standard 29.8911 75.2572 L406.1 537.6 290.3
30 Maximum 29.9710 74.9015 115.9 573.1 309.4
30 Minimum 29.8297 75.5171 391.3 511.6 276.2
30 Right Lateral 29.5662 75.1161 407.6 542.9 293.1
30 Left Lateral 30.1772 75.3128 407.3 541.6 292.4
Right Flt. Az. Limit 28.3739 74.9814 408.1 547.1 295.4
Left F1t. Az. Limit 31.0937 75.7510 LO6.4 545.1 294.3
Steepest 29.9279 75.0821 428.3 555.0 299.7
Engine Out 29.6327 76.0530 388.2 456.0 246.2

The S-IB stage impact data requirements prescribed by the range safety
office to be included on the cape magnetic tape correspond to the
standard trajectory related data only. These data are contained in
Record 12, File 5 on the cape magnetic tape at two second intervals
and includes both retro-rocket simulation and the ballistic trajectory
to S-IB stage impact.

Ullage-Rocket Cases Impact

Time

Trajectory Latitude Longitude Remai e

(deg N) deg W) Esecg (km) (n mi)
Standard 29.948L 75.0234 610.6 561.1 302.9
30 Maxdmum 30.0146 7L.7256 625.0 590.7 319.0
30 Minimum 29.8L47 75.4562 595.4 517.7 279.5 -
30 Right Lateral 29.51,17 74.970L 609.9 556.2  300.4
30 Left Lateral 30.2329 75.2116 609.7 552.8 298.5
Steepest 29.958), 74.9516 631.2 568.0 306.7
Engine Out 29.6670 75.9466 589.3 466.9 252.1
Right Flt. Az. Limit 28.3769 74.8354 611.2 561.4 303.1
Left Flt. Az. Limit 31.1555 75.6221 609.3 559.1 301.9



2.4

A plot of the impact dispersion for staging reentry bodies associated
with the primary mission is presented in Figure 3.

Velocity Vector Turning Capability

It is necessary to ascertain how fast the missile IIP trace can leave the
range or an unstable condition, i.e. tumbling, can occur. The data
presented herein relates to a type of malfunction which may occur such
that thrust is not terminated and the controllable outboard thrust chamber
nozzles seek an abnormal steady-state deflection angle, hardover or other-
wise. Only yaw plane movement of the vehicle for discrete thrust chamber
deflection angles in the lateral plane are considered. Each deflection
angle is introduced during S-IB stage flight at 4 second time intervals,
starting at t, + 12 seconds. Similarly, each deflection angle related to
S-IVB stage flight is introduced at 4 second intervals between S-IVB
ignition and ty + 158 seconds, and at 16 second intervals during the
remainder of S-IVB stage flight. The initial conditions (vehicle position,
velocity, atmospheric density, etc.) for each case are obtained from the
standard trajectory. Turning data are terminated when angle of attack (oy)
corresponds to 180°. The lateral turning rates are considered symmetricai,
hence the vehicle is yawed only in the right lateral direction.

The data requirements associated with these conditions, prescribed by the
range control office, in connection with velocity vector turning capability
are presented in Figures 4 through 123. Figures L through 63 present the
change in the corresponding total velocity vector orientation referenced

to the standard trajectory, while Figures 64 through 123 present the
magnitude of the relative velocity vector.

To apply these results to other than the standard trajectory, the proper
time differential, reflecting the effects of off-nominal characteristics,
must be considered.

The following presents the proper time differentials between the AS-206
standard and the maximum (+ 30) and minimum (- 30) trajectories.

Time of Yaw Turn Initiation -~ Seconds

Standard Trajectory 30 Maximum Trajectory 30 Minimum Trajectory

30 28 32

80 78 8L
130 127 134

200 191 213
300 289 316
L00 386 118

500 482 522

575 556 597




Section 3.0 - RESULTS

This section contains an independent analysis of the pertinent range
safety reclated data.

3.1

3¢ Flight Corridor

The pitch plane corridor limits are defined by the 30 maximum vehicle
profile and the 30 minimum vehicle profile. The yaw plane corridor
limits are defined by the 30 left lateral and the 30 right lateral
deviating vehicle.

At S-IB/S-IVB separation the 30 maximum vehicle profile produces an
increase from that of the standard in velocity and altitude of 27 m/sec
and 2308 m, respectively. The 30 minimum vehicle profile produces a
decrease, relative to the standard, in velocity of 28 m/sec and in
altitude of 2392 m. The 30 left and right lateral trajectories deviate
from the standard in crossrange at S-IB/S-IVB stage separation by 4.20 km
and 5.30 km, respectively.

The 30 maximum vehicle profile increases the downrange impact point of
the standard trajectory S-IB stage by 35.5 km while the 30 minimum
vehicle profile causes the S-IB stage to impact 26.0 km short of

the standard impact point. Lateral crossrange deviations of the S-IB
stage impact point of 38.3 km and 32.0 km from the standard result

from the 30 right lateral and 30 left lateral trajectories, respectively.

S-IVB stage guidance target conditions: velocity (V), radius (R),

flight path angle (7), inclination angle (i), and descending node (6y)
for a + 30 vehicle profile are virtually unchanged from those of the
standard. For normmal operation S-IVB guidance cutoff signal is predicted
to occur at 580.46 + 22.19 seconds following first motion, at a downrange
distance from the launch site of 1773.42 + 56.44 km.

Figure 12/, presents altitude versus range for the 30 pitch plane flight
profile, »

Range Safety Crossrange Corridors

The range safety lateral corridor is established by combining the effects
of the major contributing conditions that produced a significant cross-
range deviation from the standard trajectory. In chronological order,
these major contributing conditions are: 1) maximum 30 out-of-plane
trajectory, 2) turning the vehicle in the yaw plane at the maximum

turning rate maneuver considered (B, = 11.3° for S-IB stage, B, = 10°

for S-IVB stage) until the vehicle has turned through 180°, and 3)

assuming range safety destruct action occurrence and flying the maximum
distance structural piece on a ballistic path to impact under the influence
of an explosion and complimenting crosswind.



The maximum lateral crossrange deviation from the standard trajectory
jmpact trace is approximately 135 km during powered flight. Due to
convergence of the lateral corridor, crossrange deviation is
approximately 96 km at Bermuda, which does not encompass any land mass,
and approximately 88 km over Africa. The lateral crossrange deviation
is assumed symmetrical about the standard trajectory impact trace. The
vehicle yaw maneuver caused an insignificant deviation of itself, but
created the flight condition which allowed the structural piece to
travel a maximum distance to impact. The left and right sections of
the range safety lateral corridor for AS-206 are shown in Figures 125
and 126 and are identified as Sectors 1 and 2, respectively.

The range safety extreme lateral corridor is established to denote

the absolute impact limits of a malfunctioning vehicle that is allowed
to continue on a deviated trajectory until propellant depletion before
range safety destruct command is activated. The malfunction is assumed
to occur at the "Gate', that is, when the standard IIP reaches the
Western coast of Africa. The flight events employed to establish the
extreme lateral corridor are: 1) maximum 30 out-of-plane trajectory

2) a combined pitch (0 and yaw (y) maneuver at the "Gate" calculated
to produce a maximum c ssrange dev{ation of the vehicle at propellant
depletion, 3) vehicle powered flight continuance on the deviated
trajectory until propellant depletion, and 4) ballistic path to impact
of the maximum distance piece under the influence of a pressure vessel
explosion and complimenting crosswinds.

The extreme lateral crossrange deviation from the standard trajectory
impact trace over the continent of Africa is approximately 224 km.

This deviation is assumed symmetrical about the standard trajectory
impact trace. The pitch and yaw maneuver at the "Gate" caused an
insignificant deviation of itself, but created the flight condition
which allowed the structural piece to travel a maximum distance to
impact. The left and right sections of the extreme lateral corridor
are shown in Figures 125 and 126 and are designated as Sectors 3 and 4,
respectively.

The maximum distance piece resulting from a destruct explosion of
the S-IVB stage, as utilized in establishing each corridor, is a
fragment of the cylindrical section of the fuel container. The
minimum distance piece is the J-2 engine.

Flight azimuth 1limits to non-primary (useful) mission orbits are
determined in order to contain as much of the continent of Africa
as possible between the IIP traces associated with these limits.
Useful mission flight azimuth limits are 57° east of North for the
left and 90° east of North for the right.




3.3 Downrange Impact and Casualty Probability

The probability of impacting on land is calculated as:
P = P(8); - P(F), - P(F), - P(F),

where: P(S)l = FProbability of successful first stage operation.
P(F), Probability of second stage failure.
P(F), Probability of failure in the downrange (x) direction.
P(F)y = Probability of failure in the crossrange (y) direction.

]

i

The probability of injuring a person downrange is calculated as:
Prp=p;.N.1,

A
where: P7 = Probability of impact.

N/Ai Population density.
Ly Lethal area of impacting vehicle.

The probability of impact within the established range safety lateral
corridor (sectors 1 and 2) for the continent of Africa is:

= .( L . 8- . = . -l&
PIA 957 * .030 Z?ET%% 1=5.54x10
The probability of impact for individual countries within sectors
1l and 2 is:

COUNTRY At P
Spanish Sahara 1.18 7.82 x 10~2
Mauritania 2.09 1.38 x 1074
Mali 2.01 1.3, x 1074
Niger 0.85 5.64 x 1072
Nigeria 0.46 3.03 x 10~
Cameroun 0.15 9.63 x 10~6
Chad 0.27. 1.82 x 10~
Central African Republic 0.47 3.09 x 10~
Republic of Congo (Leopoldville) 0.4l 2.89 x 10‘2
Uganda 0.11 7.10 x 107
Tanzania 0.34 2.21 x 10~
Zanzibar 0.02 8.79 x 10‘2
Malagasy Republic .04 1.16 x 10~



The probability of injuring a person as a result of debris impact
within the confines of the range safety lateral corridor (sectors 1
and 2) for the continent of Africa is:

= -4, . 19,400 — -5
P . 0 = .
IP, 5.5 x 1 52 57 878 100 2.00 x 10

The probability of injuring a person for individual countries within
sectors 1 and 2 is:

N

COUNTRY T PIp

Spanish Sahara 0.27 1.48 x 1078
Mauritania 1.98 1.91 x 107
Mali 9.98 9.28 x 10~/
Niger 7.51 2.95 x 1077
Nigeria 163.11 3.4 x 100
Cameroun 23.09 1.55 x 10~/
Chad 5.87 7.43 x 1078
Central African Republic 5.56 1.1 x 1077
Republic of Congo (Leopoldville) 17.60 3.55 x 10~/
Uganda 82.32 4L.07 x 1077
Tanzania 26.63 4.10 x 10~7
Zanzibar 304.50 1.86 x 10~/
Malagasy Republic 27 .60 2.23 x 1078

The probability of impact within the established range safety extreme
lateral corridor (sectors 3 and 4) for the continent of Africa is:

Py, = .957 - .00237 - 1L.39 .1 =¢6.08 x 1072
432.40

The probability of impact for individual countries within sectors 3 and 4 is:

COUNTRY 4t Pr
Spanish Sahara 11.59 6.08 x 1072
Mauritania 6.65 3.49 x 1072
Mali 4.09 2.15 x 10‘2
Niger 1.57 8.23 x lO‘6
Nigeria 0.87 L4.56 x 10™
Cameroun 0.25 1.31 x 10'2
Chad 0.57 2.97 x 10™
Central African Republic 0.90 L4.72 x 1070
Republic of Congo (Leopoldville) 0.97 5.08 x 1070
Uganda 0.25 1.29 x 1076
Rwanda 6.19 1.42 x 1077
Tanzania 0.84 L.36 x 10‘6
Kenya 0.61 1.31 x 1077
Pemba 0.04 2.75 x 107%
Zanzibar 0.03 4.90 x 1078
Malagasy Republic 0.10 2.62 x 1077




The probability of injuring a person as a result of debris impact
within the confines of the range safety extreme corridor (sectors 3
and 4) for the continent of Africa is:

PIp, = 6.08 x 107 . 52 . ___ 19,400 = 2,20 x 10~6
A 27,878,100 ,

The probability of injuring a person for individual countries within
sectors 3 and 4 is:

COUNTRY IAi Prp
Spanish Sahara 0.27 1.14 x 1o:g
Mauritania 1.98 4.81 x 10
Mali 9.98 1.49 x 10:;
Niger 7.51 4,30 x 10
Nigeria 163.11 5.17 x 10~/
Cameroun 23.09 2.11 x 10~8
Chad 5.87 1.21 x 1078
Central African Republic 5.56 1.82 x 108
Republic of Congo (Leopoldville) 17.60 6.22 x 10_“3
Uganda 82.32 7.37 x 1077
Rwanda 251.70 2.48 x 10
Tanzania 26.63 8.08 x 10~8
Kenya 11.66 3.79 x 107
Pemba 304.50 5.83 x 10~
Zanzibar 304. 50 1.04 x 1078
Malagasy Republic 27.60 5.03 x 10~



Section 4.0 - CONCLUSIONS

Final range safety data and associated analyses for the Saturn IB SA-206
launch vehicle denote the following conclusions.

1)

2)

3)

1)
2)
3)

L)
5)

From the standpoint of the launch vehicle, a flight related to
the primary mission presents a minimum range safety hazard;
Normal flight, in tolerance, should occur within minimum pitch
and yaw plane corridors;

Areas requiring special studies to determine impact and casualty
probabilities are the launch pad area, Africa, and Malagasy
Republic;

Flight azimuth limits, within specified constraints, relating
to useful missions are established;

An engine out condition, without other malfunctions, discloses a
minimum range safety hazard.
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(B, =11.3, 8.c, 5., 3.C. 1.0, ¢.1 deg)

By is the thrust vector deflecticn angle in the yaw rlane
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Figure 7

CHANGE IN TOTAL VELOCITY VECTOl CRIENTATICN IN THE
LATERAL DIRECTION VERSUS TIME FCL IMALFUNCTION AT ty = 24 sec

(B, =11.3, 8.0, 5.(, 3.C, 1.0, C.1 deg)

ﬁy is the thrust vector deflecticn angle in the yaw plane
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Figure 8

CHANGE IN TOTAL VELOCITY VECTOlt CRIENTATICN IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT ty = 28 sec

(B, =11.3, 8.0, 5.C, 3.C, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 9

CHANGL IN TOTAL VELOCITY VECTOlc CRIFNTATICN IN THE

LATERAL DIRECTION VERSUS TIME FCH HMALFUNCTION AT ty = 32 sec

(ﬂ% = 11.3, 8.¢, 5.(, 3.C. 1.0, C.1 deg)

'By is the thrust vector deflecticn angle in the yaw Flane
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Figure 10

CHANGE IN TOTAL VELOCITY VECTOl¢ CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOE MALFUNCTION AT ti = 36 sec

(/3y =11.3, 8.0, 5.¢C, 3.C. 1.0, C.1 deg)

3y is the thrust vector deflection angle in the yaw plane

—pdt
s T - —t
% 1T L |
se 17T b
T T ‘,
[ [ VAN
es| [7]° p” 7t
T n T HTF o AR
e[ T A /
7/
/
20 7
A~ /
/
10
' 1A
/ /
16
A‘h / /
/ / y,
y /
se /
A
/ / /
y 1/ /
12 A
/ /
/ / 4
A A  /
10 4 /
/
/
" / / /
. 4 / A
/ y
/ 4 /.
/ 4 /
. / 7
/
/
/
. / / /] /]
/ p4
V. Ay, ‘/
] V )4 P od '
4/ il
/, /', o} -
A/ L~ | et
([ ] — - [ - 1
e m—T . . : . . 7 AT Y
s
TIME-sEC



meZTHP»ZIn

Z=> 9 “«2TO N E 3

nrez>»

[ I B B S B

t 1)

14

Figure 11

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT ty = 40 sec

(8; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 12

CHANGE IN TOTAL VELOCITY VECTO!: CRIENTATICN IN THE

LATERAL DIRECTION VERSUS TIME FCX MALFUNCTION AT ty = 44 sec

(B, = 11.3, 8.¢, 5.¢, 3.C. 1.0, C.1 deg)

ﬂy is the thrust vector deflecticn angle in the yaw Elane
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Figure 13

CHANGE IN TOTAL VELOCITY VECTOlt CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT tj = 48 sec

(;8y =11.3, 8.0, 5.C, 3.C, 1.0, 0.1 deg)

B, is the thrust vector deflection angle in the yaw plane
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Figure 14

CHANGE IN TOTAL VELOCITY VECTOL CRIENTATICN IN THE
LATERAL DIRECTION VERSUS TIME FCE MALFUNCTION AT t; = 52 sec

(ﬁ% =11.3, 8.G, 5.¢, 3.C. 1.0, C.1 deg)

By is the thrust vector deflecticn angle in the yaw plane
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Fipure 15

IN THE

MTATICE

-
3

CHANGL IN TOTAL VELOCITY VECTOL CRI?
LATERAL DIRECTION VERSUS TIIE FCE DALFUNCTION AT t; = 56 sen

b0, 3.0 1.0, C.1 deg)

11.3, 2.0,

B, -

by

By is the thrust vector deflecticn angle in the yaw rlane
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Figure 16

CHANGE IN TOTAL VELOCITY VECTOli CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FON MALFUNCTION AT ty = 60 sec

(B, = 11.3, 8.0, 5.C, 3.C. 1.0, C.1 deg)

B, is the thrust vector deflection angle in the yaw plane
y
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Figure 17

CHANGE IN TOTAL VELOCITY VECTOl: CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FCE MALFUNCTION AT ty = 6L sec

(By = 11.3, 8.0, 5.C, 3.C, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 18

CHANGE IN TOTAL VELOCITY VECTOlt CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FCL MALFUNCTION AT ty = 68 sec

(By =11.3, 8.0, 5.C, 3.C. 1.0, 0.1 deg)

ﬁ& is the thrust vector deflecticn angle in the yaw plane
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Figure 19

CHANGE IN TOTAL VELOCITY VECTOli CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t; = 72 sec

(B, = 11.3, 8.0, 5.C, 3.C, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 20

CHANGE IN TOTAL VELOCITY VECTOL CRIENTATICN IN THE
LATERAL DIRECTION VERSUS TIME FO% MALFUNCTION AT t; =76 sec

(B. =11.3, 8.0, 5.(, 3.C. 1.0, C.1 deg)

ﬂy is the thrust vector deflection angle in the yaw rlane
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Figure 21

CHANGEL IN TOTAL VELOCITY VECTOle CRIENTATICI IN THE
LATERAL DIRECTION VERSUS TIME FCL [ALFUNCTION AT ty = 80

(/33. = 11.3, 8.0, 5.(, 3.C. 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 22

CHANGE IN TOTAL VELOCITY VECTOLi CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FCR MALFUNCTION AT t; = 8L sec

(8, = 11.3, 8.0, 5.¢, 3.C. 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 23

CHANGE IN TOTAL VELOCITY VECTOlt CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FCR MALFUNCTIOM AT t; = 88 sec

(B, =11.3, 8.0, 5.C, 3.C, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 24

CHANGE IN TOTAL VELOCITY VECTOlc CRIENTATICN IN THE
LATERAL DIRECTION VERSUS TIME FCHE IALFUNCTIOHN AT ti = 92 sec

(ﬂy =11.3, 8.0, 5.C, 3.C. 1.0, C.1 deg)

ﬂy is the thrust vector deflecticn angle in the yaw rlane
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Figure 25

CHANGE IN TOTAL VELOCITY VECTOli CRIENTATICON IN THE
LATERAL DIRECTION VERSUS TIME FCR MALFUNCTION AT ty = 96 sec

(B, =11.3, 8.0, 5.¢C, 3.C. 1.0, 0.1 deg)

B, is the thrust vector deflection angle in the yaw plane
y
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Figure 26

CHANGE IN TOTAL VELOCITY VECTOL CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FCL IALFUNCTION AT t; = 100 sec

(ﬂ& =11.3, 8.0, 5.(, 3.C. 1.0, 0.1 deg)

ﬁy is the thrust vector deflecticn angle in the yaw plane
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Figure 27

CHANGL IN TOTAL VELOCITY VECTOl CRIENTATION IN THE

LATERAL DIRECTION VERSUS TIITL FCLi HALFURCTION AT ty = 104 sec

(ﬂy =11.3, 8.0, 5.C, 3.C. 1.0, C.1 deg)

B, is the thrust vector deflection angle in the yaw plane
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Figure 28

CHANGE IN TOTAL VELOCITY VECTOlt CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FCL NMALFUNCTION AT t; = 108 sec

(ﬂ% =11.3, 8.0, 5.(, 3.C. 1.0, C.1 deg)

By is the thrust vector deflecticn angle in the yaw plane
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Figure 29

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT ty = 112 sec

(ﬁy =11.3, 8.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂ& is the thrust vector deflection angle in the yaw plane
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Figure 30

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t; = 116 sec

(ﬂy = 11.3, 8.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 31

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t5; = 120 sec

(/3y =11.3, 8.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 32

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t; = 124 sec

(By = 11.3, 8.0, 5.0, 3.0, 1.0, 0.1 deg)

33, is the thrust vector deflection angle in the yaw plane
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Figure 33

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t; = 128 sec

(ﬂy= 11.3, 8.0, 5.¢, 3.0, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 34

CHANGE IN TOTAL VELOCITY VECTOI¢ CRIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FCE MALFUNCTIOM AT ty = 132 sec

(B. =11.3, 8.G, 5.C, 3.C. 1.0, C.1 deg)

B, is the thrust vector deflecticn angle in the yaw plane
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1 = 150 sec

Figure 35

(ﬁg = 10.0, 7.0, 5.0, 3.0, 1.0, C.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t
ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 36

ON AT ti = 154 sec

(,By = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTI
By is the thrust vector deflection angle in the yaw plane
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Figure 37

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

B

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t; = 158 sec
By is the thrust vector deflection angle in the yaw plane
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Figure 38

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4

174 sec

(B, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

the yaw plane

ﬂy is the thrust vector deflection angle in
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Figure LO

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 206 sec

(B, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 41

(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

ﬁy is the thrust vector deflection angle in the yaw plane

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 222 sec

. M . ,
i e - AN + ; .
. - *5. ol B sl RSl S . l 4
{
-4 R T | et EE S ~+ ¢ +
- ——t S —— N 1 1 4 #fi i R
. ; i AN . A N i \ R . L]
R i ! } \ : { i | [ i ”
H -t M r+r|,ol - - ) i { 1 u
- I S S e Sl b /. ——t—t A b A
. + ﬁll hll...v — l + { T .— e g 4 i 7
. _ + . ! | S U S e .
: T H N : : | . P
i i i . - "
| NN I —\ « u !
] bt _ : NG\ T T
‘‘‘‘‘ O i o SR B " } + i—4 RPN PR —d 4 o~
- 4 -- g b & ﬁ \ " b —p—— SO P R = n
i e} - : L — i o . —— ———f -
- . — ; : D\W , NG s " 1
; ARSI B S L A N i
. e e d +—] H e
¢ HE R ? i T T o
4 + ’ be—¢ — ¢ Rt st B ety Sl Tl Aty dnasih abat —y + -
L ! ; i I L
o T 1 .
. .- L L T B e e et -+ -— .
.- 4 JEOIP QUR G S Y ‘ H 4 _ .
pt N _ N +—t — , —
. e e ; I
| . ' M i I
T ORI T ' i L ; ]
LYY S Sp— — + s . I L,
- N S SR S b 4 ) S :
- e { B! ! i i — . 4 { +
| —— ! — . | .
H 3. e — — i + 1
-t Rt S + + g + T T
- . e e} —— O S !
Ju ) | [N . ! L 3 .
- .A - T v T w i T ~
T GO R IR ,
* * " :
e — - . - ' )
' - i o |
f
+ e B ] i
- —— [»1 4 +
i ‘ i i . L
_ } + I [ P
+ bt .t ’
.o e e e e D SR SR AUV SN U B 4]
N . B ¥ L
. . . s e PUNEE S SR SR & — b —— S . il.ﬂllll»v.'&.!l. -
! . ' ¢ :
. P T ’ e P ey PR IOV VU SR (O R QUOUI W S lljl.
[ S . i 1 » 1 _ A 1 ! L i 1
. - o o ) .
4 . . . . .
- ] ] L] - -
VEICZIow =2 B Jm0IFr Ld=X CZTOJINW [ SR A




APV 4T OuPrR En

Rres»

' BP AR

Figure 42

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT ty = 238 sec

(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 43

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 254 sec

(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 4l

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 270 sec

(B; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

3y is the thrust vector deflection angle in the yaw plane

- 55 -



286 sec
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Figure 45

By = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

,By is the thrust vector deflection angle in the yaw plane
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Figure 46

(By = 10.0, 7.0, 5.0, 3.0, 1.0, O.

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 302 sec

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 47

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 318 sec

(8; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 48

(8; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 33k sec
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Figure 49

(B; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

ﬁy 41s the thrust vector deflection angle in the yaw plane

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 350 sec
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Figure 50

(B; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

ﬂy is the thrust vector deflection angle in the yaw plane

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4
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Figure 51

(B, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4

ﬁy is the thrust vector deflection angle in the yaw plane

oy 1 Hr/» FENUDRTE S S R I S R
s Do HMNER DS BN BRI N IIEI IS (SRS
i yoios N IR b . . oY e
L T Vo PR e e Bt St wfo‘ . .
v bd i b WEBUIE SN FORPRI s e b g
. . s Poe e dd + :
; — ; Th S ‘
. R i H LN IONPUSUIER SR PO e
EEE BEREE FEEEE BRSNS JREEEEL UH BDES B RS DUNSEE
e s PR A e s = T " T * ' * .
i R : ol ; —— ISR S [
I R T O AR £} W 1 Junn+kl+ .I,tl»l..r - L.T I“H : .t.?“
. i i o —t | MU SEE. e - B B s R S B
N b b FORE T SO S S & .ww....?L s erer o ;
Ny — — MRS
T NN R
i + N ».T.Hx.r 44 | .wm
LN . P O (N S S X bl | .
LN RESS BERE e B By "
- 4 I S bod b f e S B S it } + H
iy bl IR NS REENN SN =
—t—t —t——t— : ’ i :
Py b h [ DTS B ‘r;r S O GEPU |+.-_~|+L c b d H, + 4t
B * iy t- Logid Q.J i »‘TTT b Ao ;...,rgrl ﬂ .
T R s oIt b e bt ;iLIH; i
. : X :
i b b /r w4t xlffr.. JUHE - 1
— e - ——t — — I ) H ‘
+ * : X | 1 | i
IR R N et | |
AR I | 1 I sl R
P e NG "
vy o b e f ot + T i i
S S O O R R NS t $ : L
[ 1 |t s ; | - -
b e bbby I_. NG 4 : 4 | t i H
BEEUREERN BRSO NDAuE N < I HHHEY
RS RE RN BN PN S hu i ENEENEE N EREESEeel Fuve | Besus Ban
g - M h A Al o T T M . v M
e BN N ERNe NN i T T L L RN N
R N N HE 1 Ji ) B | | ] . . c L
R RS EEuR N e I nE N T L NN
bbb bbb dailp b b+ i * b f i ; iy
S I , e il
SN BSOS Bakng i - , R w i o
$-6- b P S N T »Ol. N . 4. . b + + 4
A BN B _ TN _ = SR
LT s IR o ” 1 I
N S B S W-TH&W‘ 4o L , + 4 N bt
SR RN RS B fe e S EEEE o T IS i
——— [ »vf 'r.xr»»? - . + : 4+ »l } : 1|+'+L|o|,
PR el . _r*:p Hhﬁ } | ey Pl HM . M . ’ i ‘«TT&I
s i — — . L i ! i . ! L3 i . H
— v i M ) i 1 : H
S e [ S o Sum
T SRR P *i'? - " G 4 4 bt
N B I hﬂ - i e
s e g b b 4 IIP i —
i - R i L N LN I —
. LR N T v T
T e s ¢ dee oy ‘ - e Slamay
e ey [ I . ey
. b P S s or ek b m i } ——
[ N G IO id 4 ” s
i bk I S —i s —_ i N .
e ! | ; Fm
bovmini sohe ged bebboa bl . i i m —
ph B8 B EORE B Rt i was e " .
S R B RS B E et s Bt p=f it oge i <™ JEREEEN
N ey fo boe b pdetd b d ] IR N b S N\ R
’ PR ST i I *r» J S e 4t} » ﬁ ‘ h_, Jlolb.. S R -+ — b
PR RRR ) [ NN + - ! i 4+ - 4 » i s —t
RO G b - i + - . . o R -
. . S 1 — Il o — ! ; . i ——
| ; i . ! .
. [ . . ,*. + h ;T%!%L _Lﬂ t i — :
P PR . I | i : - 4 + Mt « b1
! 5 ¢
i PR . | ; ! T U DA U 5 GUPU BRI ; I ,
1 i FUl O W 4 Ju I by
. . + : —
_ N i SR EAN ; — :
v : i 0 ;o T L1 T .
* X F‘ﬂvT‘iﬁufj‘ +—+ 1 4 bt - ..o+IhI+| ‘ ’
' : B e B e e B e B Sl o B et :
. . Lnrl_r‘r., Lo g_r.r PRI i S . “x_r 4
N ' | [ i 1 K : o . ;
+ ¢ IR R G e 4 -4 e Y — - 44—+ 4 +
e BN RS W et it Tttt i
[ - - L3 » [ ] - L ] L]
. . . . 4 . . . .
- . n - - - - » -
VIC«zZow =2 BJ=9Zr LeCFI <C€29JIW [ RV N KL EE]

- 62 -

TINg-3EC

03, 304. 309.




. 4 e e o 4 e e oe s e . I s e s .o . .. . e e . o s 4 o
. . . s e b e . . .. + D O] o e e Ly 0 Y . ‘. 0 ¢ e 0 —d
e d e . R “ 00 a0 a-se oy boe-N e . [ P e s e s
. ‘. PO O I I S IR .o e T ‘e p o4
. ! .
o oaee . . . o e b v..,»,. PRTE Ve IR e b [T
- .. O PR BRI e TR E SN ECTE ST TT S I N .. b e . e R A
- - . . o6 e R e by - P R t,\ol.rt. .7.1.,..7 ‘ 4. b 4+ o -0 Vi e RIS ‘e 0L
. . PR B TPV SPSRT S A SRS “Y. e e PPN S SN IR R
i - -
. . PR RPN I Spemes
- . . sme ecs femiee [P
. .. « e PP T “eegoe
P S S RPN S
. S
- . R
. . b
. e

BRI 3

ty = 398 sec

DS

| e

o« g e
[T
L

.o e - e N} + /A..IT&
¢ .. b }

PR .

PR + ¢

R

e @-e

P

. e

e ..

Figure 52

By = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

ﬁgris the thrust vector deflection angle in the yaw plane

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT
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Figure 53

(8; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4

By is the thrust vector deflection angle in the yaw plane
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Figure 55

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 446 sec

(/EJy = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 56

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

(B; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

408. 4e6. - 407, 468, 469, qr0, ers. 4ve.

408,

TIng-sEC

- 67 -

ﬁy is the thrust vector deflection angle in the yaw plane

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 462 sec
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Figure 57

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4

L78 sec

(B, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 58

ty = 494 sec

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

Ay

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 59

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 510 sec

8y = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 60

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT ty = 526 sec

(8; = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)
ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 61

ty = 542 sec

(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT

ﬁ%-is the thrust vector deflection angle in the vaw plane
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Figure 62

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE
LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT t4 = 558 sec

(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)
ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 63

CHANGE IN TOTAL VELOCITY VECTOR ORIENTATION IN THE

574 sec

LATERAL DIRECTION VERSUS TIME FOR MALFUNCTION AT tj

(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 64

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t4 = 12 gec

(ﬁy =11.3, 2.C, 5.0, 3.0, 1.0, 0.1 deg)

ﬂ& is the thrust vector deflection angle in the yaw plane
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Figure 65

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t4 = 16 sec

(ﬁg = 11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 66

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = 20 sec

(ﬁy =11.3, 8.0, 5.0, 3.0, 1.0, C.l deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 67

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t{ = 24 sec

(ﬂy =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

ﬂ& is the thrust vector deflection angle in the yaw plane
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Figure 68

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = 28 sec

(B =11.3, a.c, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 69

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 32 gec

(ﬁy = 11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 70

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 36 sec

(ﬁg = 11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 71

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = 40 sec

(By =11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 72

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ti = 44 sec

(ﬁy =11.3, 8.C, 5.C, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 73

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = 48 sec

(/3y =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

ﬁ& is the thrust vector deflection angle in the yaw plane
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Figure 74

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ti = 52 sec

(ﬁ§ =11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Fipgure 75

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 56 sec

(ﬁy =11.3, 8.¢, 5.0, 3.0, 1.0, C.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 76

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t4y = 60 sec

(By = 11.3, 8.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 77

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ti = 6L sec

(By =11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

'By is the thrust vector deflection angle in the yaw plane
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Figure 78

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = 68 sec

(ﬁ§ =11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 79

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT tj = 72 sec

(ﬁy =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

,By is the thrust vector deflection angle in the yaw plane
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EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 76 sec

Figure 80

(B_,. =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 81

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t4 = 80 sec

(ﬁy =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 82

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 84 sec

(By =11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 83

EARTH-FIXED VELOCITY VERSUS TIME

88 sec

FOR MALFUNCTION AT ty

(By =11.3, 8.C, 5.0, 2.0, 1.C, C.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 84

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = 92 sec

(@, =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

ﬂ& is the thrust vector deflection angle in the yaw plane
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ﬁ& is the thrust vector deflection angle in the yaw plane

(ﬁ§ = 11.3, 8.C, 5.0, 3.0, 1.0, 0.1 deg)

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 96 sec

Figure 85
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Figure 86

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 100 sec

(By = 11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

ﬂ& is the thrust vector deflection angle in the yaw plane
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Figure 87

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT tj = 1O4sec

(ﬁy =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 88

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 108 sec

(ﬁy =11.3, 8.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 89

EARTH-FIXFD VELOCITY VERSUS TIME
FOR MALFUNCTION AT ti = 112 sec

(sz =11.3, 8.C, 5.C, 3.0, 1.0, C.1 deg)

B& is the thrust vector deflection angle in the yaw plane
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Figure 90

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t4 = 116 sec

(ﬁ§ =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)
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is the thrust vector deflection angle in the yaw plane
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Figure 91

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t3 = 120 sec

(% =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 92

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ti =124 sec

(ﬁy = 11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 93

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 128 sec

(ﬁy =11.3, 8.C, 5.0, 3.0, 1.0, C.1 deg)

'By is the thrust vector deflection angle in the yaw plane
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Figure 94

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 132 sec

(B =11.3, 8.c, 5.0, 3.0, 1.0, C.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 95

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT t.

= 150 ser

1

(&, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂ& is the thrust vector deflection angle in the yaw plane
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154 sec

Figure 96

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT t,
(8 = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)
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Figure 97

FOR MALFUNCTION AT t; = 158 sec

EARTH-FIXED VELOCITY VERSUS TIME

(ﬁ& = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

,3y is the thrust vector deflection angle in the vaw plane
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Figure 98

FOR MALFUNCTION AT ty =174 sec

@

By is the thrust vector deflection angle in the vaw plane

EARTH-FIXED VELOCITY VERSUS TIME

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)
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Figure 99

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT t4

(By

y

B, is the thrust vector deflection angle in the vaw plane
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the vaw vplane
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Figure 100

FOR MALFUNCTION AT t; = 206 sec

EARTH-FIXED VELOCITY VERSUS TIME

(By = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

5y is the thrust vector deflection angle
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Figure 101

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT t; = 222 secr

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

=

(By

ﬂ& is the thrust vector deflection angle in the vaw plane
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Figure 102

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t4 =238 sec

(ﬁy = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the vaw plane
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Figure 103

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = 25l sec

(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 104

EARTH~FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 270 sec

(/3y = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the vaw plane
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Figure 105

TINE-SEC

FOR MALFUNCTION AT t; = 286 sec

EARTH-FIXED VELOCITY VERSUS TIME

(By= 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the wyaw plane
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Figure 106

EARTH-FIJCED VELOCITY VERSUS TIME

302 se«

FOR MALFUNCTION AT t4

(ﬁy = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the wvaw plane
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Figure 107

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT ty = 318 sec

3.0, 1.0, 0.1 deg)

’

0

(ﬁy = 10.0, 7.0, 5

Ting-3KC

By is the thrust vector deflection angle in the yaw plane
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Figure 108

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT t; =334 sec

(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the vaw plane
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Figure 109

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT t;

350 sec

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By

ﬂ& is the thrust vector deflection angle in the yaw plane
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Figure 110

EARTH-FIXED VELOCITY VERSUS TIME

366 sec

FOR MALFUNCTION AT t5

(ﬁy =10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the yaw plane
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Figure 111

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT t;

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

B

ﬁ& is the thrust vector deflection angle in the yaw plane
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Figure 112
= 398 ger

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT t5

(ﬂy = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

By is the thrust vector deflection angle in the vaw vlane
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Figure 113
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10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

FOR MALFUNCTION AT ty < L1k sec

EARTH-FIXED VELOCITY VERSUS TIME
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Figure 114

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT ty =430 ser

G

By is the thrust vector deflection angle in the wvaw plane

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)
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Figure 115

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 446 sec

(ﬁy = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

' ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 116

EARTH~FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = L62 se:
(8, = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 der)
By is the thrust vector deflection angle in the vaw vlane
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Fipgure 117

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; = L78 sec

(/3y = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬁ& is the thrust vector deflection angle in the vaw plane
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Figure 118

EARTH-FIXED VELOCITY VERSUS TIME
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By is the thrust vector deflection angle in the vaw plane
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ﬂy is the thrust vector deflection angle in the yaw plane

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT t; =510 sec

(ﬂy = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

Figure 119

i

-+

[ 1Y 1]

3\

sae. (23

Ting-sgc




Figure 120

FOR MALFUNCTION AT ty = 526 sec

EARTH-FIXED VELOCITY VERSUS TIME

(ﬁy = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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Figure 121

EARTH-FIXED VELOCITY VERSUS TIME

FOR MALFUNCTION AT ty = 5L2 sec

By

By is the thrust vector deflection angle in the yaw plane

10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)
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Figure 122

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT Yy = 558 sec

(ﬂy = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬁy is the thrust vector deflection angle in the yaw plane
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Figure 123

EARTH-FIXED VELOCITY VERSUS TIME
FOR MALFUNCTION AT ty = 574 sec

(By = 10.0, 7.0, 5.0, 3.0, 1.0, 0.1 deg)

ﬂy is the thrust vector deflection angle in the yaw plane
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ALTITUDE ~ km

Figure 124

SATURN IB AS-206 LAUNCH VEHICLE
FLIGHT PROFILE (PITCH PLANE)

200
Maximum — /‘\%
/é \k__——_—b
160 A
//Qd- Standard
/ . L Minimum
140 /
120 //
100 /
80
BOOSTER B.0O. CONDITIONS
Time 580.46 + 22.19 sec.
60 Velocity (V) 7821.99 m/sec
Altitude (h) 163.19 km
Radius (R) 6536.56 ¥m
Flight Path Angle (7) 90.00 deg
Latitude 31.50 + .04 deg
40 Longitude 62.48 + .59 deg
Range 1773.42 + 56.44 km
Inclination (i) 31.61 deg
Descending Node (6y) 119.06 deg
20 NOTE: V, R, 7, i & Oy are S-IVB Stage
guldance control cutoff conditions.
0 ] | | | 1
0 200 LOO 800 1000 1200 1400 1600 1800
RANGE ~ I
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Pigure 125
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ATLANTIC

SATURN IB AS-206 INSTANTANEOUS IMPACT

TRACE AND CROSSRANGE IMPACT CORRIDOR
OVER AFRICA



